A light microscopic study of the cutaneous lesions in different stages of naturally occurring exudative epidermitis (EE) was recently made by O B E L~~. In order to further clarify the nature of these lesions, representative samples of the different stages were examined by electron microscopy. Since the previous description of the fine structure of the epidermis of the pig dealt only with the basal layers in older mini-pigsl7, the epidermis of healthy pigs of the same age as the sick ones was also studied.
A light microscopic study of the cutaneous lesions in different stages of naturally occurring exudative epidermitis (EE) was recently made by O B E L~~. In order to further clarify the nature of these lesions, representative samples of the different stages were examined by electron microscopy. Since the previous description of the fine structure of the epidermis of the pig dealt only with the basal layers in older mini-pigsl7, the epidermis of healthy pigs of the same age as the sick ones was also studied.
Materials and Methods
Piglets of either the Swedish Landrace breed or Landrace-Yorkshire crossbreeds were studied by means of biopsy. Four of the piglets were normal and 10 had spontaneous EE. The latter consisted of 5 with severe acute E E of 2 to 3 days duration, 3 with subacute EE of 5 to 7 days duration, and 2 with very mild acute E E of 2 to 3 days duration. One of the severe acute cases was biopsied on days 2, 5, 8, and 11; healing was complete on day 11. Two of the 3 subacute cases werc also biopsied during healing.
'The specimens werc takcn surgically from the skin of thc shoulder by means of a circular punch, 8 mm in diameter. Thin slices of the specimens were fixed in 3% purified glutaraldehyde in cacodylate buffer"]. Small pieces were thereafter transferred to a 2%) OsOe aqueous solution where they remaincd for 1 h.
Tissue from normal pigs was also fixed directly in a 2%> Os04 acqucous solution.
'Tissues were embedded in Epon. Sections approximately I ,u thick were stained with toluidine blue for light microscopy and suitable areas were selccted for the preparation of thinner sections. These were placed on uncoated copper grids, stained with lead acetate followed by uranyl acetate, and studied in a Siemens Elmiskop I at magnifications between 2,000 and 14,000.
Results

Epidermis of Normal Piglets
Stratwn basah
The basal border undulated markedly and there were club-shaped basal projections. The basal cells were anchored to a single basement lamina via hemidesmosomes. The cytoplasmic component of the latter appeared similar to those of ordinary desmosomes. Outside the plasma membrane there was a thickening, 150 wide, sometimes connected with the basement lamina via diffuse projections.
The borders between the basal cells also had an undulating course with short intercommunicating projections from the cell surfaces. The cells were held together by relatively small desmosomes, between which the intercellular space was generally widened to a varying extent. Some of the desmosomes were very small and blurred and contained no dense substance in the intercellular space ( Fig. 1 ). The boundary with the stratum spinosum was similar but equipped with larger desmosomes. There were occasional invaginations of the plasma membrane with thickened walls basally and laterally, probably an example of micropinocytosis. The nuclei were slightly irregularly oval with a marked peripheral aggregation of chromatin and large nucleoli generally in contact with the nuclear envelope. Most of the mitochondria were concentrated towards the basal nuclear pole. They varied in size and shape with irregular, branching cristae. Usually, the insignificant Golgi apparatus was also situated basally. The basal cytoplasm was filled with polysomes except in the peripheral projections; there was also a granulated endoplasmic reticulum with an opaque substance in the cisternae. Ribosomes occurred on the outer membrane of the nuclear envelope. There were numerous tonofibrils emanating from the hemidesmosomes and running towards the desmosomes, especially those at the border with the stratum spinosum. They had a somewhat undulating course with numerous branchings and anastomoses. The individual tonofilaments were clearly visible. Occasional "coated vesicles" and some particles of /$glycogen were also seen.
There were few light cells, most of them between the stratum basale and the stratum spinosum. They had little ramification and lacked desmosomes and tonofilaments but contained another type of filament. Pigment granules were lacking. The cells also contained some granulated endoplasmic reticulum.
.Stratum spinosuin
The stratum spinosum consisted of polygonal cells, which were somewhat oblong in the superficial layers. Numerous large desmosomes ( Fig. 3 ) defined the markedly undulating cell borders. There were occasional zonulae occludentes in the upper layers ( Fig. 2) . Sometimes the intercellular space between the desmosomes was enlarged and contained projections from adjacent cells. The nuclei of the basal layers resembled those of the stratum basale, but nearer the surface they were oblong, lighter, and had smaller nucleoli. The tonofibrils were numerous, stronger, and more opaque, with diffuse tonofilaments grouped in an ill-defined, speckled pattern. In the perinuclear cytoplasm only a few were observed. The mitochondria were larger and had a lighter matrix than in the stratum basale. They lay scattered in the cytoplasm. In the outermost layer they had signs of degeneration. The Golgi apparatus resembled that of the stratum basale, but decreased in size towards the surface. Ribosomes and occasional cisternae of granulated endoplasmic reticulum could be seen, as in the basal layer. Glycogen granules were more abundant than in the basal layer and were often accumulated in larger complexes. They decreased in number towards the surface. There were numerous small rounded or oblong granules in the outer layers. They had a moderately opaque homogeneous inner structure and a thin "cortex" of higher electron density and dark transverse, alternatively thick and thin striations ( Fig. 3) . These structures clearly correspond to membranecoating granules ("Odland bodies") in other animals. Their origin in the cell could not be determined.
Stratum internzediunz (granuhunz)
This layer contained tightly packed, flat cells with a relatively smooth surface. The nuclei were affected by various degenerative phenomena. The mitochondria were markedly swollen and possessed ill-defined membranes. Neither Golgi apparatus nor glycogen was observed. The ribosomes were collected near tonofibrils and keratohyaline granules (Fig. 4) . The former had no clear tonofilaments. At the branching sites of the tonofibrils electron-dense keratohyaline granules of varying size could be seen. Membrane-coating granules lay close together in the cytoplasm, some having emptied their content in the intercellular space, where it often appeared swollen and coarsely striated. At the border with keratinized cells the intcrcellular component of the desmosomes was transformed into an electron-dense, homogeneous disc which was thinner than the ordinary triple-striated substance ( Fig. 4) .
Occasional "transitional" cells between the stratum granulosum and the stratum corneum occurred.
Stratum cornem
The cells were markedly flattened and their surface smooth or with occasional coarse protrusions. The intercellular component of the desmosomes was entirely replaced by homogeneous discs. Between these the intercellular space contained a generally amorphous material, sometimes somewhat obliquely striated and often concentrated to the cell surfaces as an "outer membrane" (Fig. 4 ). The plasma membrane was modified to a thick layer of great electron-density. The cytoplasm had a somewhat varying density and structure in different cells and layers. An amorphous or vaguely longitudinally striated structure was interrupted herc and there by light spots with no obvious structure ( Fig. 4 ). Striated structures, which were probably modified membrane-coating granules and mitochondria1 remnants, were sometimes seen. In the outermost layers the keratin fibrils were more clearly discernible (probably due to loss of "matrix"), and the intercellular discs were swollen and formed vesicles. Where these vesicles had ruptured the cells were separated. /-;g.. [1] [2] [3] [4] are clcctron micrographs of normal epidermis. 
Epidermis of Piglets with Exudative Epidermitis
Severe ,4 cute Exztdutiuc Epidervitis
.Ytratum busulc. The number of desmosomes and tonofibrils was clearly less than in normal pigs. The nucleoli were moderately enlarged.
Stratum spinosum. (Fig. 7) . The cells often had a general swelling of the cytoplasm, and in places fluid had collected in large vacuoles.
The nucleoli were enlarged. The tonofibrils were few and thin and retained the same ultrastructure as in the basal layer. The desmosomes were much fewer and smaller than normal, but the zonulae occludentes were increased in number. The intercellular space was considerably enlarged. Some cells contained large deposits of glycogen.
Stratum intermedium. (Fig. 6) . The cells were markedly enlarged, light, and vacuolated. They were poor in tonofilaments and lacked keratohyaline granules. The ribosomes were generally fewer than normal. The membrane-coating granules appeared lighter and smaller. The reduction in mitochondria and nuclei was less marked than in normal pigs. The desmosomes were few and small; the intercellular space was enlarged and contained a somewhat opaque substance.
Strutunz corneunz. (Fig. 5 ). The keratin structure was entirely lost.
Nuclei or nuclear fragments, dark bodies, vacuoles, mitochondria1 remnants, and ribosomes occurred in an electron-dense matrix. The plasma membrane seldom had the typical thickening. The few intercellular discs observed were small. The cell often had more projections than normal. The whole of this layer was generally detached from the stratum intermedium as a crust, in which the cells were separated by enlarged spaces containing an electron-dense substance. These spaces frequently contained bacteria. Figs. 5-7 are from an acute case of EE. Glutaraldehyde, lead and uranyl acetate. Fig. 5 . Survey of crust with a distinct nucleus (N) in a parakeratotic cell and bacteria (b) in the opaque substance filling the intercellular spaces. x 10,000. Fig. 6 . One parakeratotic cell (ph) is attached by abnormal discs (d) to upper layer of stratum intermedium, where the cytoplasm is rich in fluid and still contains mitochondria (m). One intercellular space (is) is widened and the desmosomes (arrows) very small and often broken. x 11,000. Fig. 7 . Upper layer of stratum spinosum, to show light cytoplasm with few and small tonofibrils (tf) and a small desmosome (d). x 8,000. showing large nucleoli, stratum granulosum with keratohyaline (kh), and parakeratotic horny layer (ph) with opaque material in a widened intercellular space (is). Glutaraldehyde, lead and uranyl acetate. x 12,000, Subacute Exudative Epidermitis ( F.&. 8) Stratum basale. The basal hemidesmosomes were normal, but the tonofibrils appeared to be fewer and poorer in tonofilaments. The number of desmosomes was somewhat less than normal.
Stratum spinosunz. The number of desmosomes was reduced and they were smaller than normal. The number of tonofibrils was clearly reduced and there was only a suggestion of the speckled pattern. The mitochondria appeared more numerous than normal. Similarly the zonulae occludentes seemed to have increased in number.
Stratu77z internzediu77z. The cells appeared somewhat swollen. The tonofibrils seemed fewer and narrower. The desmosomes were also small and few in number. The membrane-coating granules appeared to be fewer, at least in the outer cells. The intercellular space was dilated and contained an opaque substance although debris of membrane-coating granules could not be demonstrated. In one animal lteratohyaline granules were lacking. In the remaining animals they were fewer and smaller than normal.
Stratum corneum. The typical keratin structure was blurred or was lacking, but the thickening of the plasma membrane appeared normal.
The cytoplasm often contained vacuoles and nuclear fragments. The intercellular discs were fewer than usual, and these were often disconnected from one of the cells. The amorphous material in the intercellular space was not concentrated on the cellular surfaces but was distributed diffusely in the space.
M i l d Acute Exudative Epidermitis (F&. 9)
The stratum basale and stratum spinosum appeared normal. The cells of the stratum intermedium were enlarged and contained numerous keratohyaline granules and organelles. The lieratohyaline granules were large and contained paler spots. They did not have a normal, sharply-defined, square outer contour but were more evenly rounded. The cclls of the inner layers of the stratum corneum were parakeratotic and lacked the normal thickening of the plasma membrane. However, the intermediate and outer cell layers were normal.
Healing Phase of Exudative Epidermitis
First sample, d q 2 of disease. In the stratum spinosum the intercellular spaces were dilated with a fine granular material. Tonofibrils were reduced in number and lacked the "speclrled pattern". There were abundant membrane-coating granules and, in places, rich deposits of glycogen. The nucleoli appeared somewhat enlarged. The stratum intermedium was distended with swollen cells and laclied lreratohyaline. There were numerous vacuoles in the cytoplasm. Tonofibrils were greatly reduced in number and the desmosomes were smaller than normal. The intercellular space was dilated by a granular substance. There were abundant membrane-coating granules and ribosomes. The mitochondria were swollen. "Outer membranes" were lacking and no disc was observed.
Second sample, dgy 5 (Fig. 10) . At this sampling the number of tonofibrils of the stratum spinosum remained reduced. The desmosomes were small and few. There were scattered deposits of glycogen.
The nucleoli were moderately enlarged. In the stratum intermedium the cells remained swollen and contained a few vacuoles. The intercellular space, as a rule, was not dilated and the desmosomes appeared mainly normal. There were numerous keratohyaline granules, which were sometimes small, sometimes large with ill-defined outlines and numerous pale spots. There were abundant ribosomes and mitochondria. In the stratum corneum there was paralreratotic horn together with traces of the normal horn in places. The intercellular discs were mostly normal and there was a normal thickening of the plasma membrane. The intercellular space contained numerous discharged membrane-coating granules.
Third sample, dgy 8 (F&. 11). The stratum spinosum appeared normal. The stratum intermedium was widened and contained large I-Lg. 11 . Day 8. The stratum granulosum (Sg) and the stratum corneum (Sc) appear normal but are separated by peculiar "transitional cells" (tc) with thickened plasma membranes (betwecn arrows) and an Internal network (keratohyaline). x 30,000. pale cells with possibly fewer lteratohyaline granules than normal. Between the stratum intermedium and the stratum corneum there were numerous "transitional" cells with a thick plasma membrane and a pale homogeneous cytoplasmic matrix, probably hydrolysed, crossed by a network of thin strands of tonofibrils, coated with keratohyaline. The discs were normal and the cells generally had an "outer membrane". The stratum corneum appeared normal with numerous, welldeveloped discs and a clearly visible "outer membrane". Attachment between the cells was good.
Fozlrth sample, d q 11. The fine structure was normal. in mini-pigs were not seen by us in well-fixed material and never after osmium fixation. The dendritic cells (clear cells) lacked melanin granules, which was to be expected since the pigs were white. The membrane-coating granules appeared to have a homogeneous nucleus and a thin cortex with striation similar to that occurring in the cornified epithelium of other species20. It is possible that the striation be due to the presence of phospholipidsl4~ 26 and that these do not form more than a superficial layer in pigs.
Discussion
Zonulae occludentes, or "tight junctions"l1 have previously been described in the normal epidermis of man28 and in psoriasis in ma$. In the present study this specific type of junction was more frequent in the pathological material. The formation of desmosomes in the basal layer does not seem to have been described earlier. The many small and inconspicuous desmosomes in t h s layer obviously represent early developmental stages. These observations generally correspond with those of OVERT ON^^, who studied the formation of desmosomes in the early chick blastoderm. After examining acute cases of EE under light microscopy, O U E L~~ concluded that the most important morphological findings were parakeratosis and acanthosis, inter-and intracellular oedema in the upper layer of the stratum spinosum and in the stratum intermedium, and the deposition of a PAS-positive intercellular material in the defective stratum corneum.
Electron microscopical examination of acute cases from the same material confirms the findings described in a preliminary communica-tion24 of a general increase of fluid in and between the cells of the stratum intermedium, and in the upper part of the stratum spinosum, as well as a total disappearance of the lieratohyaline granules. The numbers of tonofibrils and desmosomes were markedly reduced and the cells were poorly united. As a result parakeratotic horn with inclusion of remnants of organelles was formed. The normal thicltening of the plasma membrane in the stratum corneum did not appear and the intercellular discs were reduced in size and number. The insufficient formation of discs and the absence of a normal "outer" membrane in the intercellular spaces in the lower part of the stratum corneum give rise to poor unity between the cornified cells. The contents of the enlarged intercellular spaces were markedly increased and had a fine granular pattern instead of the normal homogeneous structure. It seems probable that large amounts of tissue fluid exude onto the body surface via these spaces. This would agree with suggestions made by 0~1 3~2 3 .
Some worlters359 37 feel that the epidermal barrier is immediately above the stratum in termedium. A strongly increased fluid loss via the affected areas is also observed in psoriasis with increased horn formation in man's. Contrary to the condition in the controls, the stratum corneum is entirely separated from the stratum intermedium in most cases of EE, in spite of extremely careful preparation. This lesion is probably intravital. Experimental studies in guinea pigs have shown that the cell exchange in the Malpighian layer is 4 times more rapid after removal of the stratum corneumg. A similar condition could exist in acute cases of EE,, which could explain the increased formation of new cells23, the reduced differentiation of the cells, and the underdeveloped desmosome-tonofibril component in the stratum spinosum.
The lack of keratohyaline formation may be either an expression of the same primary damage to the cells of the stratum intermedium responsible for the disturbance in fluid content or a secondary manifestation of the same lesion. As long as the keratohyaline formation is absent the horn formation is also abnormal. Bacteria could be demonstrated neither in the Malpighian layer nor in the stratum intermedium.
Cases examined which had a course of 5 to 7 days revealed similar but less pronounced lesions of the epidermis. The accumulation of fluid in the intercellular spaces and cells had decreased or disappeared. Iceratohyaline granules were frequent but were abnormal in structure; the stratum corneum did not have a typical keratin structure. Thicltened plasma membranes were formed although the cells were still poorly united. The membrane-coating granules appeared somewhat smaller and paler than normal and many of them had not evacuated into the intercellular spaces, but remained in the stratum corneum.
Samples taken during a relatively mild case from its acute stage until healing revealed that lesions in the stratum intermedium and in the lower part of the stratum corneum had regressed, while the cutaneous surface still had marked clinical lesions. The lesions were most persistent in the stratum intermedium. Furthermore between the stratum intermedium and stratum corneum a peculiar type of "transitional" cell occurred containing a network of tonofibrils and keratohyaline in an otherwise light, structureless, cytoplasmic matrix. Such cells were also observed in 2 other piglets which had recovered from mild attacks of EE. These may be very young keratin cells which later, by loss of the pale cytoplasmic matrix, are transformed into typical keratin cells.
The increase in fluid and cytoplasmic vacuolation and vesiculation of the stratum spinosum and stratum intermedium in acute cases resemble the lesions which are seen in herpetic and other virus-induced epidermal lesions2Q.
The subacute cases had obvious ultrastructural similarities to the type of psoriasis in man not associated with keratohyaline formation 2-53 18. Features of the latter disease are a lack of lieratohyaline granules, defective cornification, enlarged intracellular spaces, reduction of tonofibrils and desmosomes, and a proliferation of cells in the Malpighian layer. There is probably an increased number of "tight junctions" in the upper layers of the stratum spinosum3.
Recent autoradiographic examinations have demonstrated a marked synthesis of protein in the stratum granulosuml, 15,16. Thepronounced metabolism of protein in this layer disappears in man in psoriasisl2.
The lesions found in naturally occurring cases of EE suggest that the primary lesion is in the stratum intermedium and in the upper part of the stratum spinosum with accompanying abnormal cornification and incomplete continuity of the epidermis. In this way fluid loss and dissociation of the corny layer could arise. Secondary effects are the basal proliferation of cells and poor differentiation of the cells of the stratum spinosum. The increased incidence of tight junctions may reflect an attempt to compensate for the defective barrier in the upper layers of epithelium.
The results of the investigation do not support the theory of a bacterial aetiology in EE191 36, 21, 25, but suggest rather a virus-induced lesion of the epidermis.
The normal fine structure of the epidermis in piglets is similar to that in other mammals. Ten cases of exudative epidermitis were studied in different stages. In acute cases a crust of parakeratotic cells was evident. The cells of the stratum intermedium and the outer layers of the stratum spinosum were swollen and vacuolated. Desmosomes and tonofibrils were reduced in size and number. The intercellular spaces were enlarged and contained an opaque material.
In subacute and mild cases the lesions were less pronounced. The healing process was studied in one less severe, acute case.
The observations are interpreted as indicating a primary lesion in the stratum granulosum and possibly in adjacent cells of the stratum spinosum. No evidence of a bacterial etiology was found. The observed changes are similar to those seen in viral diseases of the skin. This work was supported by grants from Stiftelsen Svensk Svinforskning.
